To investigate the effects of variable amounts of tobacco smoking on body mass index and waist-to-hip ratio among current smokers. DESIGN: Population-based cohort study. SUBJECTS: A total of 22 059 apparently healthy men and women, who enrolled in the Greek EPIC cohort, aged 25-84 years, who had never smoked (14 751) or were current cigarette smokers (7308). MEASUREMENTS: Body mass index and waist-to-hip ratio (by anthropomentry), amount of tobacco smoking and energy expenditure (by an interviewer-administered, lifestyle questionnaire), energy intake and ethanol intake (by an intervieweradministered, validated, semiquantitative, food frequency questionnaire), at enrollment. RESULTS: In comparison to nonsmokers, smokers of the average number of cigarettes have lower body mass index. Among smokers, however, increased amount of smoking tends to be positively associated with body mass index, particularly among men. Waist-to-hip ratio is positively associated with amount of cigarettes smoked per day, among both men and women. CONCLUSION: Among smokers, tobacco smoking is positively associated with body mass index and waist-to-hip ratio. Our data suggest that the lower body mass index of smokers compared to nonsmokers reflects personality characteristics of those who choose to smoke and that the tendency to gain weight after smoking cessation may have behavioral rather than tobacco-related pharmacological roots.
Introduction
In the developed world, tobacco smoking and obesity are generally recognized as the most important modifiable factors responsible for excess mortality at the population level. 1, 2 It has been reported that tobacco smokers have lower body mass index in comparison to nonsmokers and that those who stop smoking tend to gain weight, [3] [4] [5] [6] [7] [8] the implication being that the benefits from smoking cessation may be partly alternated because of increases in body weight. It has not been established, however, that long-term smokers are heavier than nonsmokers on account of their smoking. It is also possible that those who take up smoking tend to have lower body mass index in comparison to nonsmokers because of personality and lifestyle characteristics and that the weight gain associated with smoking cessation is a reaction to withdrawal symptoms. [9] [10] [11] Differentiation between these alternatives requires an examination of the association between tobacco smoking and body mass index among current smokers alone. Such a design also allows a more straightforward examination of the reported positive association between tobacco smoking and waist-to-hip ratio. [12] [13] [14] [15] [16] We have investigated the association between tobacco smoking on the one hand and body mass index and waist-tohip ratio on the other, in a large general population sample of adult women and men in Greece. A widely held, but poorly documented, view is that tobacco smoking, in spite its other catastrophic consequences, may reduce body weight and certain obesity indicators. We have excluded from the study ex-smokers among whom uncontrollable confounding may be operating because of the variability of reasons that may have led to smoking cessation. An unusual advantage of the present study was that energy intake and energy expenditure were available for each individual.
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Methods
The European Prospective Investigation into Cancer and Nutrition (EPIC) is a prospective cohort study, conducted in 22 research centers across 10 European countries under the coordination of the International Agency for Research on Cancer (IARC), with the purpose of investigating the role of nutrition and other lifestyle and environmental factors in the etiology of cancer and other chronic diseases. 19, 20 In the context of the Greek component of the EPIC study, a total of 28 572 (men and women) apparently healthy volunteers, 20-86 years old, were recruited from all regions of Greece during 1994-1999. The large preponderance of women was intentional in the design of the EPIC study, because one of the primary objectives was to explore the nutritional etiology of breast cancer. All procedures were in line with the Helsinki declaration for human rights, all volunteers signed informed consent forms and the study protocol was approved by ethical committees at IARC and at the University of Athens Medical School.
Each EPIC participant underwent a baseline examination during which extensive questionnaires were administered by specially trained interviewers. Information on various sociodemographic variables, medical history, lifestyle habits and dietary intakes was recorded in the questionnaires. In addition, anthropometry and blood pressure measurements were performed and a blood sample was collected.
Information on smoking status was collected at recruitment through a special section of the lifestyle questionnaire (smoking history questionnaire). Subjects were categorized as never smokers (never smoked cigarettes, cigars or pipes), current cigarette smokers and ex-smokers (quit smoking for at least 1 year prior to their enrollment) on the basis of their self-reported status on the day of their recruitment. For current and ex-smokers, the number of cigarettes smoked per day, as well as, the age at which they have started and (for exsmokers) quitted smoking were recorded. Current cigarette smokers were further divided into four subgroups according to the average number of cigarettes smoked daily: less than 10, 10-19, 20-29 and 30 or more cigarettes. Very few smokers were exclusive cigar and/or pipe smokers and these were included among those smoking 10-19 cigarettes per day.
Concerning anthropometry, all measurements were carried out with an inelastic tape and were recorded to the nearest 0.1 cm, while participants were without shoes, lightly clothed, with no restrictive underwear. Measurements were taken at the end of the normal respiration while the participant was standing erect, with the arms at the side and the feet together. Waist circumference was measured around the smallest circumference between the lowest rib and iliac crest, or, for obese subjects with no natural waist, midway between the lowest rib and iliac crest. Hip circumference was measured horizontally at the level of the greatest lateral extension of the hips. Waist-to-hip ratio was calculated using the waist and hip circumferences. Body mass index was calculated as the ratio of weight in kilograms divided by the square of the height in meters.
A section of the lifestyle questionnaire addressed the frequency and duration of participation in occupational and leisure time physical activities. 21 A metabolic equivalent index was computed by assigning a multiple of resting metabolic rate to each activity (MET value). 22 Time spent on each of the above activities was multiplied by the MET value of the activity, and all MET-hour products were summed to produce an estimate of daily physical activity, indicating the amount of energy per kilogram of body weight expended during an average day. Usual dietary intake over the year preceding enrollment was assessed by a validated, semiquantitative food frequency questionnaire, including approximately 150 foods and beverages commonly consumed in Greece. Standard portion sizes were used for the estimation of consumed quantities, 23, 24 and nutrient intakes were calculated using a food composition database modified to accommodate the particularities of the Greek diet. 24, 25 For each participant, grams per day of intake of various food groups and ethanol and, eventually, total energy intake (in kJ) were calculated.
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Smoking history was available for 27 960 of the study participants. For 765 study participants, however, information was missing regarding the number of cigarettes smoked per day and/or one or more anthropometric measurements, and these were excluded. We also excluded 5136 participants who were ex-smokers in order to avoid any possible interference of the effect of current smoking with a residual effect of past smoking on body mass index and/or waist-tohip ratio. Thus, in this report, we present results for 22 059 individuals, 7325 men and 14 734 women, aged 25-84 years, who had never smoked (14 751) or were current cigarette smokers (7308) as of the date of recruitment, and for whom complete information on all study variables was available.
Statistical analysis
Statistical analysis was initially performed through cross tabulations. Subsequently, the data were modeled through multiple linear regression assessing the effect of cigarette smoking (exposure) on body mass index or, alternatively, waist-to-hip ratio (dependent variables), while controlling for a number of potential confounders. Possible confounders were age (categorically: less than 45, 45-54, 55-64 and 65 or more years), energy intake (continuously, in kcal), energy expenditure (continuously, in met-h /day) and average daily intake of ethanol in grams (continuously). In regression models for waist-to-hip ratio, body mass index (continuously, in kg/m 2 ) was also included as a potential confounder. All models were fitted separately for each gender.
In all regression analyses the impact of current cigarette smoking on either body mass index or waist-to-hip ratio (controlling for body mass index) was modeled through two variables: one indicator variable denoting smoking status (1 ¼ current cigarette smoker, 0 ¼ never smoker) and one centered (around the mean) continuous variable denoting the number of cigarettes smoked daily (among smokers of Smoking and body fat mass and distribution C Bamia et al the respective gender). In this way the coefficient of the indicator variable evaluates the effect of smoking the mean number of cigarettes per day vs never smoking, while the coefficient of the continuous centered variable evaluates the effect on the dependent variable of a specified increment in cigarettes smoked per day. The continuous variable is introduced only as a product term with the indicator variable, whereas the latter is also introduced on its own. 27, 28 In all comparisons a level of 5% was used to denote statistical significance. All statistical analyses were performed with the STATA statistical package. 29 
Results
In the investigated general population sample, there were 7308 current cigarette smokers and 14 751 never smokers. Their distribution by gender, age and cigarettes smoked per day is shown in Table 1 . The table demonstrates the wellknown heavy smoking habits of Greek men and the alarming increase of tobacco smoking among successive cohorts of Greek women. The mean number of cigarettes smoked per day was 25 (1-90) and 16 (1-70) for male and female smokers respectively.
Among men, the mean daily energy intake was 10 180 kJ (2432 kcal) (standard deviation 3075 kJ) and the mean daily energy expenditure (per kg) was 35.6 MET-h (standard deviation 6.4 MET-h). Among women, mean daily energy intake was 7874 kJ (1881 kcal) (standard deviation 2406 kJ) and mean daily energy expenditure (per kg) was 35.4 MET-h (standard deviation 4.3 MET-h). Table 2 shows the mean (and standard deviation) of body mass index and waist-tohip ratio by age, gender and current smoking status in the study population. In these tables no account is taken for energy intake or energy expenditure and the results are inherently confounded. Nevertheless, the data in the table are in line with the expected patterns, in that body mass index increases with age among both genders but more sharply among women, and in that, waist-to-hip ratio increases also with age among both genders but it is considerably higher among men. Table 3 shows multiple regression-derived partial regression coefficients, their standard errors and the associated 95% confidence intervals of body mass index and waist-tohip ratio on current cigarette smoking, by number of cigarettes per day. In comparison to nonsmokers, smokers of the average number of cigarettes have lower body mass index. Among smokers, however, increased amount of smoking tends to be positively associated with body mass index and the association is somewhat stronger among men. After adjusting for body mass index, waist-to-hip ratio is positively associated with amount of cigarettes smoked per day, among both men and women. When comparing nonsmokers with smokers of the average number of cigarettes, however, with respect to waist-to-hip ratio smokers have higher mean value among men, whereas among women there is a suggestion that the opposite could be true. We have also modeled the data introducing an interaction term involving tobacco smoking and energy intake, in addition to the main effects of these variables and to other indicated covariates (age, energy expenditure and ethanol intake), using as outcome either body mass index or waist-tohip ratio (controlling for BMI). As expected, the results were in line with those emerging from the analysis outlined in Table 3 .
Discussion
In this large population-based study with control for age, energy intake, ethanol intake and energy expenditure, we found that among smokers, number of cigarettes smoked per day is positively associated with body mass index, particularly among men. When smokers of the average number of cigarettes were compared to nonsmokers, however, the former were found to have lower body mass index. The apparent contradiction may be explained by postulating that smokers, on account of their personality and lifestyle characteristics, tend to be lighter rather than heavier in Smoking and body fat mass and distribution C Bamia et al comparison to nonsmokers, whereas smoking per se in not inversely related with body mass index and, particularly among men, tends to be positively associated with it. After controlling for body mass index as well as for age, energy intake, ethanol intake and energy expenditure, tobacco smoking appears to be positively associated with waist-tohip ratio among both men and women. Many studies have evaluated body mass index in relation to tobacco smoking and most of them had indicated that nonsmokers tend to be heavier than smokers. 12, 30, 31 The results of our study do not contradict this evidence but indicate that the lower average body mass index among smokers may be due to personality and lifestyle characteristics of the smokers rather than to direct effects of smoking, since, among smokers, there is a positive association of amount of smoking with body mass index. This interpretation is not incompatible with existing evidence from other studies and indeed the few investigations that have evaluated dose response of body mass index in relation to tobacco smoking with adequate control for possible confounding have also reported a positive association.
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Fewer studies have evaluated waist-to-hip ratio in relation to tobacco smoking after controlling for body mass index, 13, 14, 16 and even though in many of them energy intake and expenditure were not accounted for the results were consistent in indicating a positive association. Our results that focus on dose response trends among smokers point to positive associations among both men and women whereas smoking women tend to have somewhat lower waist-to-hip ratio probably on account of personality and lifestyle characteristics. Advantages of our study are its large size and its reliance on a general population sample, control for possible confounding by energy intake and expenditure and the focus on trends among smokers, which accommodates possible selection factors influencing the choice of becoming a smoker. A weakness of the study is that it is of cross-sectional nature, a fact that does not allow the introduction of time elements in the further exploration of the reported associations.
The mechanisms of the association between tobacco smoking on the one hand and body mass index and waistto-hip ratio on the other are difficult to identify because tobacco smoke contains many hundreds of compounds, and the regulation of body mass index depends on several physiological processes. Differential effects of tobacco smoking on sex hormones and on adipocytes have been implicated, 13, 14, 16, 35 but, at this stage, documentation of the nature of the associations between tobacco smoking and body mass index parameters; as well; as the public health implications of these associations may take precedence over the clarification of the underlying physiological and pathophysiological mechanisms.
In conclusion, in a large population based study we have found evidence that, among smokers, tobacco smoking is positively associated with body mass index and waist-to-hip ratio. Our data indicate that the lower body mass index of Smoking and body fat mass and distribution C Bamia et al smokers compared to nonsmokers reflects personality characteristics of those who choose to smoke and that the tendency to gain weight after smoking cessation may have behavioral rather than tobacco-related pharmacological roots. From a public health point of view the findings of our study suggest that smokers cannot expect a health benefit from the association of their habit with body mass index and adipose tissue distribution. Adjusted for age (categorically as in Table 1 ), total energy intake (continuously), intake of ethanol (continuously) and total energy expenditure (continuously). b Adjusted for age (categorically as in Table 1 ), total energy intake (continuously), intake of ethanol (continuously), total energy expenditure (continuously) and body mass index (continuously).
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